Weight-based teasing is common among youth, but little is known about its long-term impact on health outcomes. We aimed to 1) identify whether weight-based teasing in adolescence predicts adverse eating and weight-related outcomes 15 years later; and 2) determine whether teasing source (peers or family) affects these outcomes. Data were collected from Project EAT-IV (Eating and Activity in Teens and Young Adults) (N = 1830), a longitudinal cohort study that followed a diverse sample of adolescents from 1999 (baseline) to 2015 (follow-up). Weight-based teasing at baseline was examined as a predictor of weight status, binge eating, dieting, eating as a coping strategy, unhealthy weight control, and body image at 15-year follow-up. After adjusting for demographic covariates and baseline body mass index (BMI), weight-based teasing in adolescence predicted higher BMI and obesity 15 years later. For women, these longitudinal associations occurred across peer and family-based teasing sources, but for men, only peer-based teasing predicted higher BMI. The same pattern emerged for adverse eating outcomes; weight-based teasing from peers and family during adolescence predicted binge eating, unhealthy weight control, eating to cope, poor body image, and recent dieting in women 15 years later. For men, teasing had fewer longitudinal associations. Taken together, this study shows that weight-based teasing in adolescence predicts obesity and adverse eating behaviors well into adulthood, with differences across gender and teasing source. Findings underscore the importance of addressing weightbased teasing in educational and health initiatives, and including the family environment as a target of antibullying intervention, especially for girls.
Introduction
Weight-based teasing and bullying (also called weight-based victimization) have been identified as common experiences for youth, particularly for those with higher body weight (Bucchianeri et al., 2013; Puhl and Latner, 2007; Puhl et al., 2013) . Reports from students, parents, and teachers suggest that body weight is viewed to be the most common reason that youth are teased and bullied (Puhl et al., 2015a; Bradshaw et al., 2013; Puhl et al., 2011) . Longitudinal research has demonstrated that weight-based teasing is prevalent throughout adolescence, (Haines et al., 2008) and may remain consistent during the transition into adulthood .
Given high rates of overweight and obesity in youth, (Ogden et al., 2014) and their vulnerability to weight-based victimization, it is critical to identify how these teasing experiences may influence health outcomes, especially weight-related health. While evidence consistently demonstrates links between weight-based victimization and negative health behaviors, disordered eating, and poorer emotional wellbeing, (Bucchianeri et al., 2014; Eisenberg et al., 2003; Lampard et al., 2014; Puhl and Suh, 2015; Juvonen et al., 2016) few studies have examined longitudinal associations between weight-based teasing and health outcomes in adulthood (Hubner et al., 2016) . To date, the limited prospective evidence in this area has examined 5-10 year consequences of early experiences of weight-based teasing on emotional wellbeing (e.g., body image, depressive symptoms, self-esteem), disordered eating, or weight-control behaviors in adolescence and early adulthood (Eisenberg et al., 2012; Eisenberg et al., 2006; Haines et al., 2006) . This evidence importantly demonstrates that weight-based teasing may have an adverse impact on emotional wellbeing and maladaptive eating patterns that persists into late adolescence and young adulthood. However, important questions remain.
First, it is important to broaden existing knowledge about the longterm implications of weight-based teasing for weight-related health outcomes. In addition to identifying whether early experiences of weight-based teasing predict maladaptive eating behaviors (such as binge eating and unhealthy weight control) further into adulthood, it is important to identify the potential long-term influence of early teasing experiences on other relevant eating behaviors and weight-related outcomes that can affect health, such as eating to cope with emotional distress, unhealthy dieting, and weight status. Cross-sectional evidence has demonstrated links between weight-based victimization and a range of unhealthy behaviors, (Bucchianeri et al., 2014; Puhl and Suh, 2015) while longitudinal work has observed that exposure to general peer-based bullying (not specific to weight) in childhood or adolescence may increase risk for future obesity, (Takizawa et al., 2015; Mamun et al., 2013; Midei and Matthews, 2011) and certain agerelated diseases in adulthood (Takizawa et al., 2015) . However, it is important to identify longitudinal associations and the direction of causal pathways linking youth experiences of weight-specific victimization to adverse eating behaviors and weight-related outcomes that may persist well into adulthood.
Second, is not known whether experiencing weight-based teasing from peers versus family members differentially affects adverse eating and weight-related outcomes in adulthood. While evidence shows that youth with overweight or obesity are vulnerable to weightrelated teasing and stigma from both peers and parents, (Puhl and Latner, 2007; Puhl et al., 2013) it is not clear whether the long-term impact of these experiences is attenuated or worsened depending on the perpetrator of the teasing. Identifying potential differences in longterm outcomes based on the source of early teasing experiences has important implications for targets (e.g., peers, families) and settings (e.g., schools, home) of intervention and prevention efforts to address weight-based victimization.
To address these important and understudied areas, the present study builds upon previous work to examine whether experiences of weight-based teasing in adolescence predict weight status and adverse eating and weight-related health behaviors 15 years later; and whether the source of early weight-based teasing (from peers, parents, or both) differentially affect these outcomes in adulthood. We examined these questions using the most recent (4th) wave of longitudinal data from Project EAT (Eating and Activity in Teens and Young Adults), an ethnically and socioeconomically diverse sample of males and female adolescents followed for 15 years through young adulthood. Several studies using previous waves of data drawn from Project EAT have assessed longitudinal and secular trends in weight-based teasing in adolescence (Haines et al., 2008; Haines et al., 2013) and examined concurrent teasing experiences by family members in adulthood (Eisenberg et al., 2012) . However, the long-term health and weight-related outcomes occurring from weight-based teasing in adolescence have not yet been studied, nor have potential differences in these longitudinal outcomes according to the source of weight-based teasing (peers versus family). Examining these questions in the recently completed 4th wave of Project EAT provides an important opportunity to address these gaps in knowledge and contribute novel insights about the nature and potential long-term impact of weight-based teasing experiences in youth.
Methods

Study design and population
Data for this study were drawn from Project EAT-IV, a 15-year longitudinal study examining behavioral, psychological, and socioenvironmental factors related to dietary intake and weightrelated outcomes in adolescents. The analytic sample includes 1830 participants who responded at baseline (1998-1999) (Neumark-Sztainer et al., 2002a; Neumark-Sztainer et al., 2002b) and in the fourth study wave (2015) (2016) A total of 788 men and 1042 women completed follow-up surveys that were determined to be valid and adequately complete for inclusion in analyses, representing 66.1% of the 2770 participants who could be contacted. Most respondents (95.4%) completed the survey online, the remainder a printed version. At baseline, participants were in early-tomid adolescence (mean age = 14.9 ± 1.7 years) and at follow-up they had a mean age of 31.0 ± 1.7 years. Of participants who completed the survey, 56 (3.1%) were excluded for missing data on the primary teasing variable, resulting in a final sample of 1774 adult respondents.
Survey development
To allow for longitudinal comparisons, key items from the baseline survey were retained on the follow-up survey. Scale psychometric properties were examined in the follow-up survey sample and estimates of item test-retest reliability were determined in a subgroup of 103 participants who completed the survey twice within a period of one to four weeks. Test-retest reliability for the baseline measures was also assessed in a diverse sample of 161 adolescents over a 2-week period (Neumark-Sztainer et al., 2002b) .
Measures
Weight-based teasing in adolescence was the key predictor variable in this study, and was assessed at baseline by asking participants "Have you ever been teased or made fun of by other kids because of your weight?" (test-retest Kappa = 0.59) and "Have you ever been teased or made fun of by family members because of your weight?" (test-retest Kappa = 0.78). These items were used to create a 4-category predictor variable which included weight-based teasing from peers only, family members only, both peers and family members, or no teasing from peers and family (Thompson et al., 1995) .
Six measures of eating and weight-related health served as followup outcome variables:
Weight status. The correlations between reported and measured body mass index (BMI; kg/m 2 ) at baseline, both assessed in the total adolescent sample, were r = 0.85 for female adolescents and r = 0.89 for male adolescents (Himes et al., 2005) . Additionally, self-report of height and weight (test-retest r = 0.95 for height and r = 0.98 weight) were previously validated in the cohort at 10-year follow-up in a subsample of 63 male and 62 female participants for whom height and weight measurements were completed by trained research staff. Results showed very high correlations between self-reported BMI and measured BMI in males (r = 0.95) and females (r = 0.98) (Quick et al., 2013; Sirard et al., 2013) . Our analyses used measured BMI from baseline. At follow-up, selfreported height and weight measures were used to calculate BMI, and participants were then classified as having a BMI ≥ 30 (obese) or b30 using clinical guidelines produced by the Centers for Disease Control (2012). Binge eating. Binge eating was assessed by asking participants two questions (yes/no responses): "In the past year, have you ever eaten so much food in a short period of time that you would be embarrassed if others saw you (binge-eating)?" and "During the times when you ate this way, did you feel you couldn't stop eating or control what or how much you were eating?" (Yanovski, 1993) . Respondents who answered affirmatively to both of these questions were classified as engaging in binge eating with loss of control (testretest agreement = 94%). Those who responded affirmatively to only the first question were classified as embarrassed about overeating.
Eating as a coping strategy. Participants completed the 5-item Coping Subscale of the Motivations to Eat Measure, (Jackson et al., 2003) . which asks participants how often they engage in coping motivations to eat (including eating because of feeling depressed or sad, worthless or inadequate, as a way to cope, comfort him/herself, and distract him/herself). Response choices included 'almost never or never', 'rarely', 'sometimes', 'often', 'almost always or always' (α = 0.93; test-retest reliability = 0.76). Unhealthy weight control. Participants were asked "Have you done any of the following things in order to lose weight or keep from gaining weight during the past year?" (Yes/No). Respondents who reported at least one of the following were classified as using unhealthy weight control behaviors: fasted, ate very little food, used a food substitute (e.g., powder or special drink), used laxatives, skipped meals, smoked more cigarettes, took diet pills, induced vomiting, and used diuretics (Neumark-Sztainer et al., 2002b) (α = 0.70; test-retest agreement = 86%). Participants who reported induced vomiting, use of diuretics, laxatives, or food substitutes were further classified as engaging in "extreme" unhealthy weight control behaviors (α = 0.50), whereas those who reported fasting, eating little food, skipping meals, smoking cigarettes or taking diet pills were classified as engaging in "less extreme" unhealthy weight control behaviors (α = 0.69). Body satisfaction. Participants completed a modified version of the Body Shape Satisfaction Scale (Pringitore et al., 1997) were asked how satisfied they were with 13 different parts of their body (height, weight, body shape, waist, hips, thighs, stomach, face, body build, shoulders, muscles, chest, overall body fat), on a 5-point scale from 'very dissatisfied' to 'very satisfied' (α = 0.93; test-retest reliability = 0.82). Dieting. Participants were asked "Have you gone on a diet to lose weight during the last year?" (Yes/No) (test-retest agreement = 92%).
Statistical analysis
Associations of demographic measures with weight-based teasing at baseline were tested using chi-square (for categorical) and t-tests (for continuous). Frequencies and means of follow-up weight-related health outcomes were summarized within each of the four weight-based teasing categories (never teased, teased by peers only, teased by family only, and teased by peers and family). These summaries were stratified by gender, and bivariate associations were tested using chi-square and one-way ANOVA. Prospective prediction of follow-up weight-related health outcomes by baseline weight-based teasing were tested using logistic regression (dichotomous outcomes: BMI over 30, embarrassed about overeating, binge eating, unhealthy weight control behaviors, and dieting) and linear regressions (continuous outcomes: BMI, body image, and eating as a coping strategy) controlling for age, race/ethnicity, SES and baseline categorical weight status. Those who were not teased comprised the reference group in all models.
Analyses of weight status outcomes excluded women who were pregnant or breastfeeding at follow-up (n = 162) but they were included for other health outcomes. Because attrition from the baseline sample was not random, data were weighted with the inverse of the estimated probability that an individual responded at both baseline and follow-up, allowing for extrapolation back to the original school-based sample (Little, 1982) . All analyses were conducted in SAS software (version 9.4, 2013; SAS, Inc., Cary, NC). Statistical significance was set at alpha b 0.05. Table 1 presents demographic characteristics of the sample by baseline experiences of weight-based teasing among participants at baseline who were followed 15 years later. There were no age differences at baseline or follow-up regarding teasing experiences reported by participants. At baseline, a higher percentage of adolescent girls (45.1%) reported experiencing weight-based teasing than adolescent boys (37.1%). Weight-based teasing from both peers and family members was reported by 14.5% adolescent girls and 9.4% boys. While similar percentages of adolescent girls (15.7%) and boys (13.6%) reported weightbased teasing from peers only, substantially more girls (14.9%) than boys (4.1%) reported weight-based teasing from family members only.
Results
3.1. Frequency of weight-related outcomes stratified by baseline teasing experiences Table 2 presents the frequency of weight-related outcomes at follow-up by type of teasing experienced at baseline. For adolescent girls, BMI, obese status, and unhealthy eating indicators differed by baseline teasing experiences. In general, adolescent girls reporting any teasing at baseline reported more adverse outcomes as adult women at follow-up than the group that was never teased about their weight. Among men, follow-up BMI and obese status differed by teasing experienced at baseline, as did a number of unhealthy eating indicators at follow-up. In general, adolescent boys who experienced teasing about their weight at baseline from peers and teasing by peers and family reported more adverse outcomes as adult men at follow-up than the other groups.
Weight teasing and subsequent weight-related outcomes for women
After adjusting for baseline race/ethnicity, weight status, socioeconomic status, and age at follow-up, weight-based teasing from peers, family members, or both peers and family members at baseline were predictive of women having a higher BMI at follow-up (Table 3) . Women had greater odds of being obese at follow-up if they had early experiences of weight-based teasing from peers (OR: 1.84; 95% CI: 1.08-3.12) or family (OR: 2.58; 95% CI: 1.57-4.26).
Early experiences of weight-based teasing predicted a number of adverse eating-related outcomes for women. Teasing experiences at baseline were predictive of eating as a coping strategy and as a way to comfort themselves at follow-up, regardless of whether the teasing came from peers, family, or both peers and family (Table 3) . Women who reported weight-based teasing from both family and peers as adolescents at baseline had approximately 2 times greater odds of eating as a coping strategy (e.g., in response to feeling depressed and inadequate, or as a way to distract themselves from unpleasant things) at follow-up.
Weight-based teasing from both family and peers at baseline was predictive of women being embarrassed about eating too much food (OR: 1.77; 95% CI: 1.08-2.89), unhealthy weight control behaviors (OR: 2.15; 95% CI: 1.35-3.49), and having lower body satisfaction (β: − 4.81; 95% CI: − 6.90 to − 2.73) at follow-up. Teasing from family members in adolescence also increased the odds of women reporting lower body satisfaction (β: − 3.03; 95% CI: − 4.97-1.09) and dieting in the past year (OR: 1.61;95% CI: 1.05-2.47) at follow-up. a N′s are raw sample sizes, % are row percentages weighted by non-response propensity weights to reflect original time 1 sample population.
Table 2
Eating and weight-related outcomes at 15-year follow-up stratified by baseline weight-based teasing.
Follow-up outcomes Weight-based teasing experiences at baseline P-value ⁎
Not teased
Teased: peers only Teased: family only Teased: peers and family Mean ± SD or % (n) a Mean ± SD or % (n) Mean ± SD or % (n) Mean ± SD or % (n) FEMALES (n = 572) (n = 158) (n = 143) (n = Difference lies between never teased vs. teased by peers only (a), never teased vs. teased by family only (b), never teased vs. teased by both peers and family (c), teased by only peers vs. teased by only family (d), teased by only peers vs. teased by both peers and family (e), or teased by only family vs. teased by both peers and family (f).
1 Women who were pregnant/breastfeeding were excluded from weight status outcomes; resulting sample sizes were 473 (never teased), 136 (teased: peers only), 120 (teased; family only), 110 (teased: peers & family). 2 BMI change refers to the increase in BMI across baseline and adulthood. ⁎ P-value is a 3°of freedom test for any difference in mean or % outcome across the 4 teasing categories.
Weight teasing and subsequent weight-related outcomes for men
Weight-based teasing from peers (but not family members) at baseline was predictive of men having a higher BMI (β: 1.81; 95% CI: 0.82-2.81) and being obese (OR: 2.44; 95% CI: 1.48-4.01) at follow-up (Table 4 ). For eating-related outcomes, weight-based teasing from peers (but not family members) at baseline was predictive of eating as a way to cope (β: 1.04; 95% CI: 0.14-1.94), as well as having lower body satisfaction (β: − 2.38; 95% CI: − 4.60-0.15) at follow-up. No other outcomes at follow-up were predicted by baseline teasing experiences.
Discussion
This study followed a diverse sample of female and male adolescents for 15 years to examine longitudinal associations between early experiences of weight-based teasing and eating and weight-related outcomes as they entered their 30's. Findings showed that weight-based teasing predicted adverse eating and weight outcomes 15 years later, suggesting the importance of prevention work during adolescence aimed at reducing weight-related teasing. Some important differences across gender and the source of teasing were also identified, with implications for interventions.
Weight-based teasing in adolescence was significantly positively associated to maladaptive eating behaviors (e.g., eating as a coping strategy), body dissatisfaction, BMI, and obesity in adulthood. These findings build on previous work, (Hubner et al., 2016; Eisenberg et al., 2012; Eisenberg et al., 2006; Haines et al., 2006; Neumark-Sztainer et al., 2007) establishing that health consequences of weight-based teasing extend further into adulthood than previously documented. Furthermore, with respect to body weight, our findings parallel prospective research with adult populations showing that perceived weight discrimination in adulthood predicts future obesity and weight gain (Sutin and Terracciano, 2013; Jackson et al., 2014) . Our study suggests that experiences of weight stigma that occur earlier in life (weight-based teasing in youth) may similarly have longitudinal associations with weight outcomes in adulthood.
Importantly, the present study offers novel insights about the source of weight-based teasing (family versus peers), which may have different implications for future eating and weight-related outcomes in women and men. For women, weight-based teasing in adolescence from family members, or from both family and peers, emerged as consistent predictors of unhealthy weight control behaviors, eating as a coping response to negative affect or emotional distress, dieting, and poorer body image in adulthood. In contrast, the opposite pattern occurred in men; being teased in adolescence by peers only (but not family members) predicted eating to cope, poorer body image, and obesity NOTE: OR/B indicates odds ratio (for dichotomous outcomes) or beta (for continuous outcomes). OR = Odds ratios from logistic regression of dichotomous and ordered categorical outcomes at follow-up comparing each type of weight teasing at baseline to never teased at baseline (reference group: not teased female n = 572). B = linear beta coefficient from linear regression of continuous outcomes (BMI, eating to cope and body satisfaction). Logistic and linear regressions control for age at follow-up, baseline social economic status, race/ethnicity and baseline weight status. Bold font indicates significant odds ratios or betas. NOTE: OR/B indicates odds ratio (for dichotomous outcomes) or beta (for continuous outcomes). OR = Odds ratios from logistic regression of dichotomous and ordered categorical outcomes at follow-up comparing each type of weight teasing at baseline to never teased at baseline (reference group: not teased male n = 538). B = linear beta coefficient from linear regression of continuous outcomes (BMI, eating to cope and body satisfaction). Logistic and linear regressions control for age at follow-up, baseline social economic status, race/ethnicity and categorical baseline weight status. Bold font indicates significant odds ratios or betas.
in adulthood. This pattern of results for men could in part be attributable to fewer boys than girls reporting weight-based teasing from family members in adolescence. Based on these findings, more research is needed to examine the nature of weight-based teasing from family members, how girls and boys interpret and internalize these experiences, and the pathways through which family-based teasing may increase (or decrease) risk of future weight-related outcomes compared to peer-based teasing. It may be that sociocultural values of thinness and stringent ideals of female physical attractiveness increase girls' (but not boys') sensitivity to, or internalization of, weight-based teasing from family members in ways that reinforce maladaptive eating behaviors that promote weight gain. A recent study found that girls who experienced negative weight labels (being called "too fat"), especially from parents, had increased odds of obesity 9 years later, (Hunger and Tomiyama, 2014) suggesting that parents who tell girls that their body size deviates from societal ideals may contribute to unhealthy weight outcomes in girls. Teasing may be a particularly harmful way in which family members communicate these messages, thus, our findings underscore the importance of examining differences in the nature and impact of weight-based teasing from family versus peers.
Finally, findings from our study raise important questions for future research that can help clarify the nature and impact of weight-based teasing in youth. In particular, it will be important to determine whether longitudinal health and weight-related outcomes are worse for overweight youth who experience weight-based teasing compared to overweight youth who are not teased. Furthermore, our findings showed that weight-based teasing was not limited to youth of high body weight; both boys and girls reported weight-based teasing from peers and family members across all weight categories (obese, overweight, normal weight, underweight) in adolescence. Thus, it will be informative for future research to examine and compare health outcomes emerging from weight-based teasing for girls and boys at different body weights.
Several limitations of this study should be considered in interpreting our findings. First, data collection relied on self-reported responses to brief survey measures, and more comprehensive assessment of eating behaviors and teasing experiences would improve measurement validity. Future research would benefit from more comprehensive measures to assess weight-based teasing from family versus peers, emotional responses to these different teasing sources, and internalization of teasing among youth. Second, we did not examine differences in pubertal status in adolescents at baseline assessment; it may be informative for future work to examine the relationship between pubertal maturation and weight status to help identify potential reasons for differential rates of weight-based teasing reported by adolescents of diverse body weights. Third, there was attrition from the study population, however results were weighted to allow for extrapolation back to the more representative original school-based sample. The present study also has a number of important strengths including the prospective research design with a 15-year duration, allowing for examination of the predictive nature of weight-based teasing over a significant and longer period of time than previous studies. The ethnically and socioeconomically diverse sample of females and males additionally improves the ability to generalize findings to broader groups of adolescents. Finally, our study examined novel predictors of adverse eating and weight outcomes in women and men, as we are unaware of any other longitudinal research that has compared weight-based teasing from family members versus peers.
Conclusions
Our findings have implications for programs targeting youth bullying and interventions addressing weight-related health. In addition to increasing awareness that weight-based teasing can have negative implications for future health outcomes, our findings suggest the need for broader anti-bullying initiatives that include both the school and family/home environment as targets for intervention. While most anti-bullying efforts occur in schools, weight-based victimization is often absent in anti-bullying policy initiatives (Puhl et al., 2015b) . Furthermore, fewer initiatives address the family environment where weight teasing may be expressed in a manner that parents do not recognize as potentially harmful. Health professionals working with youth and families may have unique opportunities to assess youth for experiences of weight-based teasing, educate parents about the damaging health consequences of teasing, and offer families resources to support children and help them cope with weight-based teasing using healthy strategies. Public health interventions targeting obesity and/or promoting weight-related health may provide particularly relevant opportunities for education and increased public awareness about weight-based teasing and its harmful impact on body weight and health.
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